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Abstract.
Thisguidedescribestheuseof theAutomaticDifferentiationin C (ADIC) system.ADIC is asuiteof toolsandlibrariesthatautomates

theprocessof generatingderivativesfor scienti�c programs.In thecontextof solvingPDEs,optimizations,sensitivity analysis,andinverse
problems,researchersoftenrequirethederivatives �������	� of a function � expressedasaprogramwith respectto someinput parameter(s)

� . Automaticdifferentiation(AD) techniquesaugmentthe programwith derivative computationby applyingthe chainrule of calculus
to elementaryoperationsin an automatedfashion. ADIC usessophisticatedcompiler techniquesto augmentthe input C programswith
derivativecomputationcapabilityin anautomaticfashion.It alsoprovidesa �ner controlof derivativecodegenerationprocessvia control
scriptsandpragmas.Anothersigni�cant capabilityof ADIC is its componentarchitecture,AIF, thatallowsADIC' scapabilityto beextended
via plug-inmodules.

FormoreinformationaboutADIC, seehttp://www.mcs.anl.gov/adic.
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Chapter 1

Intr oduction

Derivativesplayanimportantrole in computationalscienceandengineering.Automaticdifferentiation(AD) is
a techniquefor evaluatingderivativesof a functionwrittenasa computerprogramby applyingthechainruleof
differentialcalculusat theelementaryoperationlevel. SinceAD differentiatesalgorithmsratherthanformulas,
it candealwith arbitraryprogramsrepresentingthesealgorithms.

ADIC (AutomaticDifferentiationin C) is an AD tool to get accuratederivativesof programswritten in
ANSI-C. Given a setof C source�les, ADIC producesa new setof C source�les enhancedwith derivative
computationcapabilities.Thegeneratedsourcesaremadeasportableaspossible.In additionto ANSI-C,ADIC
currentlysupportssomeC++programs,althoughthecoverageof thelanguageis incomplete,notablywith regard
to templates,exceptions,andoperatoroverloading.Readersarereferredto [4] for a system-level overview of
ADIC.

1.1 Terminology

We �rst de�ne several termsthatareusedthroughoutthismanual:

� Independentvariablesareprograminputvariableswith respectto whichderivativesaredesired.

� Dependentvariablesareprogramoutputvariableswhosederivativesaredesired.

� A derivative object representssome derivative information, such as a vector of partial derivatives
�������������	�������������������! #"

of somevariable
�

with respectto a vector
�

.

� Any programvariablewith whichaderivativeobjectis associatedis calledanactivevariable.Putanother
way, aninactivevariableis a �oating-point variablethatdoesnothave anassociatedderivativeobject,de-
terminedeitherthroughanalysisor userannotations.ADIC currentlyconsidersall �oating-point variables
asactive,unlessexplicitly speci�edotherwiseby theuser. Wecanextendthisnotionfurtherfor functions:
aninactivefunctiondoesnotperformany derivativecomputation,evenif �oating-point computationsare
involved. Theusercanalsospecifyinactive user-de�ned types.All elementsof aninactive typearealso
inactive; for example,if astructthatcontains�oating-point �elds hasbeendeclaredinactive,noderivative
objectswouldbeassociatedwith its components.
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Figure1.1: Generatingderivativecodewith ADIC.

1.2 Overview of the ADIC System

The ADIC systemcomprisesvariousprograms,scripts,headers,andlibraries. The processingstagesof auto-
maticdifferentiationusingADIC areshown in Figure1.1. Themainstagesareasfollows:

� A list of source�les to be differentiatedis collected. The list alongwith an optionalcontrol script is
submittedto theADIC system.

� For �e xibility, theprocessingof sourcecodeisdividedintoseveralstages.Thesourcesare�rst fedinto the
preprocessor, which dealswith C preprocessordirectivesandmacroexpansions(like theC preprocessor
cpp ) but alsoembedsinformationrequiredto recreatecertainoriginaldirectivesandmacroswhengener-
atingthederivativecode.Theresultsarefed into themainprocessor, whichgeneratesthederivativecode
with thehelp of AIF modules. AIF modulesareanalogousto PC peripheralcardsin the sensethat they
canbe “plugged” into the ADIC “motherboard”. Eachmoduleprovidesa certainde�ned functionality.
Similarly to peripheralcards,AIF modulescanbe�eld installedby users.Thedetailsof AIF modulesand
their typesaregivenin [4] and[3]. Hereit is suf�cient to notethatAIF modulescontainthecore“rules”
for performingautomaticdifferentiation.The generatedcodeis thenfed into a seriesof postprocessors
(in a pipelinedfashion)thatprovide theability to performfurthertextual transformations.Oneroutinely
usedpostprocessoris purse , acomponentof theADIntrinsicssubsystemto handleintrinsicfunctioncalls
(e.g.,sqrt andcos ).

� Thederivativecodeanda driverarethencompiledandlinkedtogetherto producethe�nal program.The
ADIC systemprovidesa setof headersandlibrariesrequiredto compileandlink thederivativecode.
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Chapter 2

Getting Started

In thischapter, we show theinstallationof theADIC systemandtherequiredsetup.

2.1 SystemRequirements

ADIC usesa standardC preprocessorto expandmacrosandhandlepreprocessordirectives. The defaultpre-
processoris cpp availableonmostUnix systems.Thepreprocessorof theGNU gcccompilermaybespeci�ed
insteadthrougha command-lineoptionor a controlscriptentry.

2.2 Installation

TheADIC systemis distributedasa compressedarchive �le:

1. Notethemachineandoperatingsystemyouareusing,andmakesureyouhave thecorrectversionof the
software.Theformatof theADIC distributionarchive is “adic-x.xx-machine.tar.gz”, where“x.xx” spec-
i�es thesoftwareversionandmachinespeci�esa particularmachineandoperatingsystemcombination,
suchasLinux for Intel x86 or Solarison Sparcs.ADIC is supportedon the following platforms:Solaris
(SPARC), Linux (x86), HPUX, AIX (IBM RS6000),andIRIX. It is usuallypossibleto compileADIC-
generatedcodeon architecturesnot listedhere. The sourcecodefor the librariesrequiredfor linking is
includedin thedistribution.

2. Decidewhereto install the ADIC system. The archive �le unpacksinto a directorycalled adic . The
followingexampleinstallsADIC underinstall-d ir .

% cd install-dir
% gunzip -c adic-x.xx-solaris.tar.gz | tar xvf -

2.3 Dir ectory Structur e

In this section,we presentan overview of thestandarddirectorystructureof theADIC system,which is com-
monfor all platforms.The bin andlib directoriescontainsubdirectoriesfor eachplatformwherearchitecture-
dependent�les arelocated.Thestandardplatformdirectorynamesareirix , linux , rs6000 , hpux , solaris ,
andwin32 .

3



bin : Variousexecutablesandscripts.

bin/ arch: Architecture-dependentprograms.

include : Header�les for runtimelibrary routinesneededduringthecompilationof thederivativecode.

lib : Precompiledruntimelibrariesandnecessary�les. Architecture-dependent�les arein subdirectories.

lib/ arch: Architecture-dependentlibrary �les.

lib/src/ module: Thesourceto theruntimelibrariesof thecorrespondingmodule.

modules/ module: Module-speci�cdataarestoredunderthecorrespondingmodulesubdirectory;only modules
thatrequiresuchdatahave a subdirectory.

doc, doc/ module: Documentationfor ADIC andsomemodules.

examples , examples/ module: Samplecodesto testthesystemandmodules.

In addition,theADIC distributioncurrentlycontainsthefollowingAIF modules:

Gradient : thestandardJacobianmodule.

Hessian : thestandardHessianmodule.

2.4 SettingUp the Envir onment

BeforerunningadiC , youmustsettheADIC andADIC ARCHenvironmentvariablesandupdatethesearchpath
(examplesbelow assumetheuseof thecsh or tcsh shell):

1. SettheenvironmentvariableADIC to thebasedirectorywhereADIC is installed.For example,if ADIC
wasunpackedin the/home/userdirectory, settheADIC variableasfollows:

setenv ADIC /home/user/adic

2. SettheenvironmentvariableADIC ARCHtooneof thefollowing: irix , linux , rs6000 , hpux , solaris ,
or win32 , for example,

setenv ADIC_ARCH solaris

Alternatively, settheADIC ARCHvariableto thetypereturnedby the$ADIC/bin/ ad ic arc h command:

setenv ADIC_ARCH `$ADIC/bin/adicarch`

3. Add theADIC executablesdirectoryto thecommandsearchpath.ThefollowingexampleaddstheADIC
executablesdirectoryasthe�rst directoryto besearched.

setenv PATH $ADIC/bin/$ADIC_ARCH:$PATH

4



2.5 Building Runtime Libraries

Runtimelibrariesaredistributedin compiledform for eachsupportedplatform(alsoreferredto asa hostma-
chine).If theADIC-generatedderivativecodeis to becompiledfor a non-hostmachine(hereafterreferredto as
the targetmachine),the librariesmustbecompiledfor thatmachine.The sourcecodefor essentiallibrariesis
includedin all distributions.

To compileall theruntimelibraries:

1. copythe lib/src directoryto thenew platform.

2. typemake clean to cleanup theold object�les andcon�g �les.

3. typemake to build thelibrary. GNU automakeandautocon�gareusedto generatetheappropriatemake-
�les for thegivenplatform.

Generally, in additionto thestandardruntimelibrariesthatcomewith theADIC system,eachAIF module
alsocomeswith its own setof runtimelibraries.Currently, thestandardADIC librariesare

� libadic.a: This library is a containerfor a numberof distinct librariesthatmay beusedwith theADIC-
generatedcode.

� libADIntrinsics-C.a: Thesourcecodeis in the lib/src/ ad int ri ns ics directory.

� libaif grad.a: Thesourcecodeis in the lib/src/ Gradi ent directory.

� libaif hess.a:Thesourcecodeis in the lib/src/ Hessi an directory.

As additionalAIF modulesare installed,their librariesmust be built and installedfor the desiredtarget
machine.
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Chapter 3

Running ADIC: An Example

In thischapter, weshow asimpleexampleprogramthatwewouldlike to differentiatethroughADIC. Theexam-
pleprogramconsistsof four source�les: func main.c , func.h , func.c , andnorm2.c . Wehave deliberately
triedto usevariousC featuresfor illustrationpurposes.Thesourcecodesof thisexamplecomewith thestandard
ADIC distributionandcanbefoundin theexamples/ Gradi ent subdirectory.

1 #include <stdio.h>
2 #include "func.h"
3
4 int main() {
5 int i, n;
6 data_t data;
7 double x[MAXLEN], y[MAXLEN], r;
8
9 /* read in values*/

10 scanf("%d", &n);
11 for (i = 0; i < n; i++) {
12 scanf("%lf %lf", &x[i], &y[i]);
13 }
14 data.len = n; data.x = x; data.y = y;
15
16 /*invoke the function*/
17 cos_angle(&data);
18
19 /*print the result*/
20 printf("%le\n", data.r);
21 }

Figure3.1: File func main.c .

The programcomputesthe cosineof the anglebetweentwo vectors
�

and $ . Figure3.1 shows the main
functionthatreadsin the lengthandvaluesof the two vectorsfrom theuser, packsthedatainto a data t data
structure,callsthe func functionthatactuallycomputesthevalue,and�nally printstheresult.Theheader�le
containingthede�nition of data t is shown in Figure3.2. The func function(shown in Figure3.3) usesthe
formula %�& '

(

%

(�)

&

(

'

(�) to calculate*�+�,�- . It calls thenorm2 function(shown in Figure3.4) to calculatethe2-norm
of a vector.

Ourgoal is to generatederivativecodethatcomputestheJacobianof theresultwith respectto
�

. Thesteps
areasfollows:

6



1 #define MAXLEN 100
2
3 typedef struct {
4 int len;
5 double *x, *y, r;
6 } data_t;
7
8 void cos_angle(data_t*);
9 double norm2(int, double*);

Figure3.2: File func.h .

1 #include <math.h>
2 #include "func.h"
3
4 void cos_angle(data_t* pdata)
5 {
6 double *x = pdata->x, *y = pdata->y, dotp, norm_x, norm_y;
7 int i;
8
9 for (dotp = 0.0, i = 0; i < pdata->len; i++, dotp += *x++ * *y++)

10 ;
11 pdata->r = dotp/(norm2(pdata->len,pdata->x)*norm2(pdata->len,pd ata->y));
12 return;
13 }

Figure3.3: File func.c .

1 #include <math.h>
2
3 double norm2(int n, double *x)
4 {
5 double norm = 0.0;
6 int i;
7
8 for ( i=0; i<n; i++ ) {
9 norm += x[i]*x[i];

10 }
11 norm = sqrt(norm);
12 return norm;
13 }

Figure3.4: File norm2.c .
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1. Properlysettheenvironmentvariablesandthesearchpathfor ADIC executablesasspeci�ed in Section
2.4.

2. Generatethe �rst-order derivative codefor the functionsby invoking ADIC with the following options
(-v turnsontheverbosemode,and-d gradient speci�estheGradient module):

% adiC -vd gradient func.c
% adiC -vd gradient norm2.c

or by combiningthe source�les on the samecommandline (this is not recommendedfor large source
�les):

% adiC -vd gradient func.c norm2.c

Thisgenerates�les calledfunc.ad.c andnorm2.ad .c shown in Figure3.6and 3.7. In addition,ADIC
alsogeneratesaheader, ad deriv.h (shown in Figure3.8),whichis includedin thegeneratedcodes.The
generated�les have beenslightly reformattedfor readability.

3. (OPTIONAL) Insteadof, or in additionto, specifyingsource�les at thecommandline, you cancreatea
controlscriptcalledfunc.ini t thatlists the�les to bedifferentiated(arbitraryscriptnamescanbeused,
but theinit extensionis convenientfor distinguishingADIC controlscript�les). We wantto differentiate
thetwo functionsfunc andnorm2 . Thecontrolscriptis shown in Figure3.5.Thesource�les donothave
to belistedin thecontrolscript;they maybespeci�edon thecommandline following thescriptname.A
controlscriptcanbespeci�edon thecommandline usingthe-i option,for example:

% adiC -vd gradient -i func.init

[SOURCE_FI LES]
func.c
norm2.c

Figure3.5: File func.ini t .

4. Createa driver, basedonthemain functionin func main.c , thatcallsthederivativefunction.Figure3.9
shows thedriver, which setsup the independentvariables,calls the derivative function,andextractsthe
derivativevalues.

5. Compileandlink all the�les, makingsurethepathto theappropriateincludedirectoryis setandthenec-
essarylibrariesarelinked. Also, de�ne thead GRADMAXmacrowhich designatesthemaximumnumber
of independentvariables.If this is left unde�ned,themaximumnumberof independentvariablesdefaults
to 5. An exampleof compilingandlinking thedifferentiated�les andthedriver follows:

% gcc -I$ADIC/include -Dad_GRAD_MAX=3-c func.ad.c norm2.ad.c func_driver.c
% gcc -o ad_func norm2.ad.o func.ad.o func_driver.o -L$ADIC/lib/$ADIC_ARCH

-lADIntrinsics-C -laif_grad -lm

8



1 /************************** DISCLAIMER ********************************/
2 /* */
3 /* This file was generated on 01/08/01 15:16:12 by the version of */
4 /* ADIC compiled on 12/18/00 16:11:29 */
5 /* */
6 /* ADIC was prepared as an account of work sponsored by an */
7 /* agency of the United States Government and the University of */
8 /* Chicago. NEITHER THE AUTHOR(S), THE UNITED STATES GOVERNMENT */
9 /* NOR ANY AGENCYTHEREOF, NOR THE UNIVERSITY OF CHICAGO, INCLUDING */

10 /* ANY OF THEIR EMPLOYEESOR OFFICERS, MAKESANY WARRANTY,EXPRESS */
11 /* OR IMPLIED, OR ASSUMESANY LEGAL LIABILITY OR RESPONSIBILITY FOR */
12 /* THE ACCURACY,COMPLETENESS,OR USEFULNESSOF ANY INFORMATION OR */
13 /* PROCESSDISCLOSED, OR REPRESENTSTHAT ITS USE WOULDNOT INFRINGE */
14 /* PRIVATELY OWNEDRIGHTS. */
15 /* */
16 /**************************************** ************* ************* ****/
17 #include "ad_deriv.h"
18 #include <math.h>
19 #include "adintrinsics.h"
20 typedef struct {
21 int len;
22 DERIV_TYPE *x, *y, r;
23 } data_t;
24 void ad_cos_angle(data_t *);
25 void ad_norm2(DERIV_TYPE *ad_var_ret,int ,DERIV_TYPE *);
26 void ad_cos_angle(data_t *pdata) {
27 DERIV_TYPE *x = pdata->x, *y = pdata->y, dotp, norm_x, norm_y;
28 int i;
29 int ad_var_0;
30 DERIV_TYPE *ad_var_1, *ad_var_2, ad_var_3, ad_var_4;
31 double ad_loc_0, ad_loc_1;
32 double ad_adj_0, ad_adj_1, ad_adj_2, ad_adj_3;
33 ad_grad_axpy_0(&(dotp));
34 DERIV_val(dotp) = 0.0;
35 for (i = 0; i < pdata->len; ) {
36 ad_var_0 = i++;
37 ad_var_1 = x++;
38 ad_var_2 = y++;
39 ad_loc_0 = DERIV_val(*ad_var_1) * DERIV_val(*ad_var_2);
40 ad_loc_1 = DERIV_val(dotp) + ad_loc_0;
41 ad_grad_axpy_3(&(dotp), 1.000000000000000e+00, &(dotp), DERIV_val(*ad_var_2),
42 &(*ad_var_1), DERIV_val(*ad_var_1), &(*ad_var_2));
43 DERIV_val(dotp) = ad_loc_1;
44 }
45 ad_norm2( &ad_var_3, pdata->len, pdata->x);
46 ad_norm2( &ad_var_4, pdata->len, pdata->y);
47 ad_loc_0 = DERIV_val(ad_var_3) * DERIV_val(ad_var_4);
48 ad_loc_1 = DERIV_val(dotp) / ad_loc_0;
49 ad_adj_0 = -ad_loc_1 / ad_loc_0;
50 ad_adj_1 = 1.000000000000000e+00 / ad_loc_0;
51 ad_adj_2 = DERIV_val(ad_var_3) * ad_adj_0;
52 ad_adj_3 = DERIV_val(ad_var_4) * ad_adj_0;
53 ad_grad_axpy_3(&(pdata->r), ad_adj_1, &(dotp), ad_adj_3,
54 &(ad_var_3), ad_adj_2, &(ad_var_4));
55 DERIV_val(pdata->r) = ad_loc_1;
56 }
57 void ad_AD_Init(int arg0) { ad_AD_GradInit(arg0); }
58 void ad_AD_Final() { ad_AD_GradFinal(); }

Figure3.6: File func.ad. c .



1 /************************** DISCLAIMER ********************************/
2 /* */
3 /* This file was generated on 01/08/01 15:16:37 by the version of */
4 /* ADIC compiled on 12/18/00 16:11:29 */
5 /* */
6 /* ADIC was prepared as an account of work sponsored by an */
7 /* agency of the United States Government and the University of */
8 /* Chicago. NEITHER THE AUTHOR(S), THE UNITED STATES GOVERNMENT */
9 /* NOR ANY AGENCYTHEREOF, NOR THE UNIVERSITY OF CHICAGO, INCLUDING */

10 /* ANY OF THEIR EMPLOYEESOR OFFICERS, MAKESANY WARRANTY,EXPRESS */
11 /* OR IMPLIED, OR ASSUMESANY LEGAL LIABILITY OR RESPONSIBILITY FOR */
12 /* THE ACCURACY,COMPLETENESS,OR USEFULNESSOF ANY INFORMATION OR */
13 /* PROCESSDISCLOSED, OR REPRESENTSTHAT ITS USE WOULDNOT INFRINGE */
14 /* PRIVATELY OWNEDRIGHTS. */
15 /* */
16 /**************************************** ************* ************* ****/
17 #include "ad_deriv.h"
18 #include <math.h>
19 #include "adintrinsics.h"
20 void ad_norm2(DERIV_TYPE *ad_var_ret,int n,DERIV_TYPE *x) {
21 DERIV_TYPE norm;
22 int i;
23 int ad_var_0;
24 double ad_adji_0, ad_loc_0, ad_loc_1;
25
26 static int g_filenum = 0;
27 if (g_filenum == 0) {
28 adintr_ehsfid(&g_filenum, __FILE__, "ad_norm2");
29 }
30 ad_grad_axpy_0(&(norm));
31 DERIV_val(norm) = 0.0;
32 for (i = 0; i < n; ) {
33 ad_loc_0 = DERIV_val(x[i]) * DERIV_val(x[i]);
34 ad_loc_1 = DERIV_val(norm) + ad_loc_0;
35 ad_grad_axpy_3(&(norm), 1.000000000000000e+00, &(norm),
36 DERIV_val(x[i]), &(x[i]), DERIV_val(x[i]), &(x[i]));
37 DERIV_val(norm) = ad_loc_1;
38 ad_var_0 = i++;
39 }
40 DERIV_val(norm) = sqrt( DERIV_val(norm)); /*sqrt*/
41 if ( DERIV_val(norm) > 0.0 ) {
42 ad_adji_0 = 1.0 / (2.0 * DERIV_val(norm));
43 }
44 else {
45 adintr_sqrt(1, g_filenum, __LINE__, & ad_adji_0);
46 }
47 ad_grad_axpy_1(&(norm), ad_adji_0, &(norm));
48 ad_grad_axpy_copy(&(*ad_var_ret), &(norm));
49 DERIV_val(*ad_var_ret) = DERIV_val(norm);
50 return;
51 }

Figure3.7: File norm2.ad .c .
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3.1 A CloserLook at the Preparation

Specifyingsource �les. We do not processthedriver func main.c throughADIC sinceit doesnot contain
any codethat needsto be differentiated.We alsodo not separatelyprocessfunc.h sincethe headerwill be
indirectlyprocessedthroughfunc.c , whichincludesit: ADIC inlinesthedifferentiatedheaderin thegenerated
code. .

Writing a control script. A control script is a text �le optionallyusedto �ne-tune the behavior of ADIC.
It containsa set of bindings(key-valuepairs)organizedinto sections. For example, the list of functionsor
variablesthatshouldbemadeinactivecanbespeci�edin thescript.Controlscriptscanbenested.SeeChapter7
for furtherdetailsandadescriptionof all valid bindings.

Selectinga derivative AIF module. Therearemany differentwaysof computingandpropagatingderivatives
throughexploiting the chain rule associativity. Thesedifferentiation“rules” are embodiedin AIF modules.
ADIC makesuseof oneor moreof thesemodulesfor generatingthe derivative code. The usermustselecta
modulewheninvoking ADIC. The currentdistribution includesthe Gradient andHessian modules,which
computethe�rst andsecondderivatives,respectively.

3.2 A CloserLook at the GeneratedCode

ADIC makesthefollowingchangesin thecourseof generatingthecodethatcomputethederivatives.SeeChap-
ter 8 for furtherdetailsoncompilingADIC-generatedderivativecode.

Generated Files. For eachsource�le namewith suf�x .x (e.g., foo.c ), ADIC generatesa corresponding
derivative source�le with thesuf�x .ad.x (e.g.,foo.ad.c ). ADIC alsogeneratesa header�le, ad deriv.h
(or rather, <prefix>d er iv. h, where<prefix> canbespeci�edin thecontrolscript,seeChapter7; thedefault
is ad ), automaticallyincludedby all the generatedsource�les. The headercontainsappropriateADIC type
declarationsandprototypes.Differentheader�les aregenerateddependingon the derivative modulechosen
andalsotheoptionsselectedwhenADIC is invoked.A commandline optioncandisablethegenerationof the
header. To seeasummaryof all commandline options,runADIC with noarguments.

Typechange. ADIC changesthetypeof double or float variablesintoDERIV TYPEde�ned in ad deriv.h
shown in Figure3.8. In this case,DERIV TYPE is de�ned asa structurecontaininga �oating-point valueand
anarrayof �oating-point values,correspondingto theJacobianof thevariablewith respectto the independent
variables.The actualde�nition of the typedependson how ADIC is invoked. The typechangeresultsin the
changeof any datastructurecontainingan(active) �oating-point variable.It is possibleto disablecertaintypes
from beingchanged.This canbe doneeitherin a controlscript (seeChapter7 or by changingthe type name
in thesource�le from �oat or doubleto InactiveFloator InactiveDouble,respectively. This is usefulwhenwe
know variablesof thosetypesareinactiveandthusneednothave any associatedderivativeobjects.

Function namechange. At times,derivativecodemustcoexist with theoriginal functions.This is especially
the casein librariescontainingboththeoriginal anddifferentiatedversions.In orderto reducenamecon�icts

�

Thereis anoptionthatspeci�esthatheader�les shouldnotbeinlined,in whichcasethoseheader�les mustbeprocessedthroughADIC
separately.
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1 /************************** DISCLAIMER ********************************/
2 /* */
3 /* This file was generated on 01/09/01 11:16:01 by the version of */
4 /* ADIC compiled on 12/18/00 16:11:29 */
5 /* */
6 /* ADIC was prepared as an account of work sponsored by an */
7 /* agency of the United States Government and the University of */
8 /* Chicago. NEITHER THE AUTHOR(S), THE UNITED STATES GOVERNMENT */
9 /* NOR ANY AGENCYTHEREOF, NOR THE UNIVERSITY OF CHICAGO, INCLUDING */

10 /* ANY OF THEIR EMPLOYEESOR OFFICERS, MAKESANY WARRANTY,EXPRESS */
11 /* OR IMPLIED, OR ASSUMESANY LEGAL LIABILITY OR RESPONSIBILITY FOR */
12 /* THE ACCURACY,COMPLETENESS,OR USEFULNESSOF ANY INFORMATION OR */
13 /* PROCESSDISCLOSED, OR REPRESENTSTHAT ITS USE WOULDNOT INFRINGE */
14 /* PRIVATELY OWNEDRIGHTS. */
15 /* */
16 /**************************************** ************* ************* ****/
17 #if !defined(AD_DERIV_H)
18 #define AD_DERIV_H
19
20 typedef double InactiveDouble;
21 typedef float InactiveFloat;
22
23 #if !defined(ad_GRAD_PTR)
24 #define ad_GRAD_PTR0
25 #endif
26 #if !defined(ad_GRAD_MAX)
27 #define ad_GRAD_MAX5
28 #endif
29 #define AD_INIT_MAP()
30 #define AD_CLEANUP_MAP()
31 #define AD_GET_DERIV_OBJ(x) ((void*)(&x.value+1))
32 #define AD_FREE_DERIV_OBJ(x)
33 typedef struct {
34 double value;
35 double grad[ad_GRAD_MAX];
36 } DERIV_TYPE;
37
38 #define DERIV_val(a) ((a).value)
39 #define DERIV_grad(a) ((a).grad)
40 #define _FLOAT_INITIALIZER_(x) { x, 0.0 }
41
42 void ad_AD_Init(int);
43 void ad_AD_Final();
44 #include "ad_grad.h"
45 #define nullFunc(x) 0
46 #endif

Figure3.8: File ad deriv.h .
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1 #include "ad_deriv.h"
2 #include <stdio.h>
3
4 #define MAXLEN100
5 typedef struct {
6 int len;
7 DERIV_TYPE* x, *y, r;
8 } data_t;
9 void ad_cos_angle(data_t*);

10
11 int main() {
12 int i, n;
13 double grad[ad_GRAD_MAX], t1, t2;
14 data_t data;
15 DERIV_TYPE x[MAXLEN], y[MAXLEN], r;
16
17 /*inialize*/
18 ad_AD_Init(ad_GRAD_MAX);
19
20 /* read in values*/
21 scanf("%d", &n);
22 for (i = 0; i < n; i++) {
23 scanf("%lf %lf", &t1, &t2);
24 ad_grad_axpy_0(DERIV_grad(x[i]));
25 DERIV_val(x[i]) = t1;
26 ad_grad_axpy_0(DERIV_grad(y[i]));
27 DERIV_val(y[i]) = t2;
28 }
29 data.len = n; data.x = x; data.y = y;
30
31 /*set independent variables*/
32 ad_AD_SetIndepArray(x, n);
33 ad_AD_SetIndepDone();
34
35 /*invoke the function*/
36 ad_cos_angle(&data);
37
38 /*extract the gradient vector*/
39 ad_AD_ExtractGrad(grad, data.r);
40
41 /*print the result and partials*/
42 printf("%le\n", DERIV_val(data.r));
43 for (i = 0; i < n; i++) {
44 printf ("%le\n", grad[i]); /*partials*/
45 }
46
47 /*cleanup*/
48 ad_AD_Final();
49 }

Figure3.9: File func driver.c .
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with theoriginalsource,ADIC prependseachfunctionnamein thesourcewith a pre�x. The defaultpre�x is
ad , but a differentpre�x maybespeci�ed in a controlscript.SeeChapter10 for details.

Function type change. ADIC takeseachfunctionde�nition andaugmentsit with derivative computations.
As partof this process,if theoriginal functionreturnsa �oating-point value,thenthe functionis turnedinto a
procedure (e.g.,a functionthatdoesn't returnavalue)thatreturnstheresultthroughthe�rst argument.All calls
to thefunctionaresuitablymodi�ed. Thenorm2 functionshows thisprocess.Thismodi�cation doesnotoccur
for overloadedoperatorsin C++.

Intrinsic function calls. Thead norm2 functionshown in Figure3.7containssomeextracodein handlingthe
sqrt intrinsic call. Functionssuchassqrt arenot continuouslydifferentiable(e.g.,sqrt(x) whenx equals
zero). To alert the userto suchan occurrence,ADIC cancheckfor it andprint a warningmessage.In other
cases,theusermaywantto skipthesechecksto improve theperformanceof derivativecomputations.

To supportcheckingand reportingof potentialexceptions,ADIC includesthe headeradintrinsi cs .h
whenever math.h is includedin thesource.ADIC alsoprovidesa reasonabledefaultvaluefor thederivatives
sothattheexecutioncanproceed.In fact, in mostcases,theevaluationof anintrinsicata pointof nondifferen-
tiability doesnotcompromisetheoverall result.

Generated special functions. ADIC generatestwo specialfunctions,ad AD Init and ad AD Final , that
shouldbecalledfrom thedriver. Thesefunctionsarede�ned in the�rst generatedsource�le (for theexample,
in func.ad.c �le). The usercan prevent ADIC from generatingthesefunctionsby usinga commandline
option. The ad AD Init functionperformsinitializationsnecessarybeforeany otherdifferentiationsteps. In
the exampleabove, the ad AD Init functionmakesa singlecall to ad AD GradInit which is de�ned in the
Gradient modulelibrary. Thead AD Final functionperformsany cleanupthatmaybenecessary.

3.3 A CloserLook at the Dri ver

Thedriversetsup independentvariables,callsthederivative functions,andextractsthederivativevalues.Inde-
pendentvariablescanbe nominatedat runtime,ratherthanat translationtime. Thusthereis no needto rerun
ADIC if the setof independentvariableschanges.This strategy facilitatesthe constructionof differentiated
librariesin whichonecannotknow in advancewhichof theinputswill beelectedasindependents.

Thefunc driver.c �le shownin Figure3.9containsthecallstovariousADIC functions.Theindependent
variablesarespeci�edthroughaseriesof callstoad AD SetIndepA rra y andad AD SetIndep , andterminated
by thecall to ad AD SetIndepD one . Thecall

ad_AD_SetIndepArray(x, n);

speci�esthatn consecutive elementsof thearrayx areindependentvariables.Thecall

ad_AD_ExtractGrad(grad, r);

extractstheJacobianof theresultr into thearraygrad . Thecall

ad_AD_ExtractVal(val, r);

extractstheresultitself into the�oating-point variableval .
Exceptfor thevariablesgrad andval , all theother�oating-point variablesareof typeDERIV TYPE. Man-

ually writing driverscanbetediousanderrorprone.For example,we hadto makesurethatMAXLENde�ned on
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line 4 of Figure3.9wasthesameasde�ned in func.h . WecanuseADIC to easethetaskof writing thisdriver.
First, we rewrite func main.c to includethenecessarycallsasshown in Figure3.10. Note thatwe declared
grad arrayas InactiveD ouble to makeit inactive (Inactive Doubl e is de�ned internallyby ADIC asan
inactive type). The resultof runningit throughADIC is shown in Figure3.11. This codecanbe thendirectly
compiledandlinked.

1 #include <stdio.h>
2 #include "func.h"
3
4 int main() {
5 int i, n;
6 data_t data;
7 InactiveDouble grad[MAXLEN], t1, t2, val;
8 double x[MAXLEN], y[MAXLEN], r;
9

10 #if defined(ADIC)
11 AD_Init(ad_GRAD_MAX);
12 #endif
13
14 /* read in values*/
15 scanf("%d", &n);
16 for (i = 0; i < n; i++) {
17 scanf("%lf %lf", &t1, &t2);
18 x[i]= t1;
19 y[i] = t2;
20 }
21 data.len = n; data.x = x; data.y = y;
22
23 #if defined(ADIC)
24 AD_SetIndepArray(x, n);
25 AD_SetIndepDone();
26 #endif
27
28 /*invoke the function*/
29 cos_angle(&data);
30
31 #if defined(ADIC)
32 AD_ExtractGrad(grad, data.r);
33 AD_ExtractVal(val, data.r);
34 #endif
35
36 /*print the result*/
37 printf("%le\n", val);
38 #if defined(ADIC)
39 for (i = 0; i < n; i++) {
40 printf ("%le\n", grad[i]); /*partials*/
41 }
42 AD_Final();
43 #endif
44 }

Figure3.10:File func main2.c .
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1 /************************** DISCLAIMER ********************************/
2 /* */
3 /* This file was generated on 01/08/01 16:05:16 by the version of */
4 /* ADIC compiled on 12/18/00 16:11:29 */
5 /* */
6 /* ADIC was prepared as an account of work sponsored by an */
7 /* agency of the United States Government and the University of */
8 /* Chicago. NEITHER THE AUTHOR(S), THE UNITED STATES GOVERNMENT */
9 /* NOR ANY AGENCYTHEREOF, NOR THE UNIVERSITY OF CHICAGO, INCLUDING */

10 /* ANY OF THEIR EMPLOYEESOR OFFICERS, MAKESANY WARRANTY,EXPRESS */
11 /* OR IMPLIED, OR ASSUMESANY LEGAL LIABILITY OR RESPONSIBILITY FOR */
12 /* THE ACCURACY,COMPLETENESS,OR USEFULNESSOF ANY INFORMATION OR */
13 /* PROCESSDISCLOSED, OR REPRESENTSTHAT ITS USE WOULDNOT INFRINGE */
14 /* PRIVATELY OWNEDRIGHTS. */
15 /* */
16 /**************************************** ************* ************* ****/
17 #include "ad_deriv.h"
18 #include <stdio.h>
19 typedef struct {
20 int len;
21 DERIV_TYPE *x, *y, r;
22 } data_t;
23 void ad_cos_angle(data_t *);
24 void ad_norm2(DERIV_TYPE *ad_var_ret,int ,DERIV_TYPE *);
25 int main() {
26 int i, n;
27 data_t data;
28 InactiveDouble grad[100], t1, t2, val;
29 DERIV_TYPE x[100], y[100], r;
30 int ad_var_0, ad_var_1;
31 ad_AD_Init(ad_GRAD_MAX);
32 scanf("%d", &n);
33 for (i = 0; i < n; ) {
34 scanf("%lf %lf", &t1, &t2);
35 ad_grad_axpy_0(&(x[i]));
36 DERIV_val(x[i]) = t1;
37 ad_grad_axpy_0(&(y[i]));
38 DERIV_val(y[i]) = t2;
39 ad_var_0 = i++;
40 }
41 data.len = n;
42 data.x = x;
43 data.y = y;
44 ad_AD_SetIndepArray(x, n);
45 ad_AD_SetIndepDone();
46 ad_cos_angle( &data);
47 ad_AD_ExtractGrad(grad, data.r);
48 ad_AD_ExtractVal(val, data.r);
49 val = DERIV_val(data.r);
50 printf("%le\n", val);
51 for (i = 0; i < n; ) {
52 printf("%le\n", grad[i]);
53 ad_var_1 = i++;
54 }
55 ad_AD_Final();
56 }
57 void ad_AD_Init(int arg0) { ad_AD_GradInit(arg0); }
58 void ad_AD_Final() { ad_AD_GradFinal(); }

Figure3.11:File func main2.ad. c .



Chapter 4

Using ADIC

4.1 Preparing the Source

In thischapterwe describetheinvocationsemanticsof ADIC.

Working with pre-ANSI C. ADIC expectsANSI-C source. If the userprogramusesthe old K&R style
functiondeclarations,it shouldbe�rst runthroughGNU protoizeto convert to usingANSI-C styledeclarations
andgenerateproperfunctionprototypes.

% protoize file1 file2 ...

Working with C++. ADIC canalsohandlesomeC++ source.However, the coverageof the C++ language
is not completeat this point. A command-lineoptionmustbe speci�ed whenprocessingC++ source. For a
summaryof all commandline options,runADIC with noarguments.

Working with multiple source�les. Multiple source�les canbespeci�edwith ADIC. SinceADIC currently
doesnotperformany interproceduralanalysis,it makesa little differencewhetherthesource�les arespeci�ed
all at onceor oneper invocation. It is recommended,however, that eachnontrivial source�le is processed
separately.

Working with header �les. The systemheaders(includedusing#include directiveswith the �lename en-
closedin anglebrackets)mostlydealwith thenoncomputationalsystemfunctionsandthereforedo not needto
bedifferentiated.ADIC assumesthatall functionsandglobalvariablesdeclaredinsidesystemheadersareinac-
tive,whichmeansthatany usercodereferencingthemis processedaccordingly. Thesoleexceptionis math.h ,
which declaresintrinsicnumericfunctions.The declarationsin userheaders(includedusing#include direc-
tiveswith the �lename enclosedin quotes)arenot madeinactive by default(althoughthe usercanexplicitly
maketheminactive througha controlscript). It is importantthat all systemheader#include directivesuse
anglebracketsto preventincorrectcodegenerationor inability to processthesource�le.

In addition, ADIC by default inlines user headersin the sourcethat includesthem. By using the -u
commandline option,userheaderswill notget inlinedbut insteadthegeneratedsourcewill contain#include
directivesfor thedifferentiateduserheaders.If thisoptionis used,theheader�le mustbeprocessedseparately
by ADIC. SeeChapter9 for furtherdetails.

For theexamplein Chapter3, if we usethecommand
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% adiC -uv -d gradient -i func.init

andadd the func.h entry to the func.init , we get the following func.ad.c (the body of the function is
omittedsinceit is unchangedfrom thepreviousversion):

#include "ad_deriv.h"
#include <math.h>
#include "adintrinsics.h"
#include "func.ad.h"

void ad_cos_angle(data_t *pdata) {
...

}

Thedifferentiatedheader, func.ad. h, contains

typedef struct {
int len;
DERIV_TYPE *x, *y, r;

} data_t;

void ad_cos_angle(data_t*);
void ad_norm2(DERIV_TYPE*, int, DERIV_TYPE*);

Selecting differ ent pre�xes. In order to reducenamecon�icts with the original sourcecode, ADIC can
prependeachtype, function, andvariablenamein the with a pre�x. Differentpre�xes may be speci�ed for
differentnametypes.For example,we canspecifyonepre�x for all thefunctionnamesandanotherfor all the
typenames.Thepre�xesarespeci�ed in thecontrolscript.SeeChapter10 for details.

Incorporating domain knowledge. The usermay know thatcertainfunctionsdo not needto beaugmented
with derivatives(for example,debuggingfunctions). Whenthesefunction namesarespeci�ed in the control
script, ADIC will not augmentthemwith derivatives. If a function is inactive, thenall argumentsare made
inactive. ADIC ensuresthatany call to thefunctionwith activeargumentsareproperlyhandled;thatis, only the
valuepartof anactive variableis passed,ratherthantheentireDERIV TYPE.

Checking. If asourcecontainsacall toanintrinsicfunctionsuchassin , ensurethatmath.h is includedusing
anglebrackets.Justdeclaringtheproperprototypeof theintrinsicfunctionby itself is notenough.

4.2 Invoking ADIC

InvokingADIC to generatederivativecodeis quitesimple.Thebasicformatis:

% adiC -OPTIONS [file1 ...]

When no option or invalid optionsare speci�ed, the usageinformationwill be printed. The command-line
optionsareasfollows:

-d module name The usercanspecifythe derivative AIF modulethatdeterminesthe type of derivativesthat
will begenerated.If thisoptionis notspeci�ed,thenADIC will print out theavailablemodules.

-v This turnson theverbosemodeanddetailsvariousphasesof ADIC processing.
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-a Insteadof usingcpp preprocessor, theusercaninstructADIC to usetheGNU gcc preprocessorwith this
�ag.

-t This speci�es that the specialinitialization and �nalization functionsshouldnot be created. This option
generallyis usedwhena numberof �les thatwill belinkedtogetherarebeingdifferentiatedandonly one
of themneedsto containthespecialfunctionde�nitions.

-C If theuserhasa C++ program,thisoptionshouldbespeci�ed.

-i control �le Thisspeci�esa controlscriptnamedcontrol file .

-I include dir Thisspeci�esa directoryto besearchedto �nd include �les. Thisdirectoryis searchedbefore
thestandarddirectories.Multiple -I optionsareallowed.

-k ThisdirectsADIC to regenerateinactive functionde�nitions completely.

-D This speci�esa macrode�nition thatwill bepasseddown to theC preprocessor. For example,theusercan
usethis to selecttheproperconditionaldirectives.Multiple -D optionsareallowed.Themacrosmayalso
bespeci�ed in thecontrol�le (undertheDEFINES section).

-h Thisspeci�esthatthespecialheader�le ad deriv.h shouldnotbecreated.

-g ThisdirectsADIC to useguardsaroundunmodi�edglobaldeclarations.

-s Thisspeci�esthesilentoperation.It will notprint any messages,unlessthereis anerroror a warning.

-u Thisspeci�esthatuserheader�les shouldnotbeexpandedinline. In thiscase,theusershouldmakesurethe
header�les areprocessedthroughADIC.

While processing,ADIC generatesvariousworking�les, which will automaticallybedeletedunlesserrors
areencountered..

�

After errorsare�xed andADIC runssuccessfully, theworking�les will bedeleted.
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Chapter 5

The Gradient Module

The Gradient modulecan be usedto computethe Jacobian
 of / dependentvariableswith respectto 0

independentvariables. The costof the computationis on the orderof 0 times the function evaluation. By
appropriatelyinitializing the gradientobjectsof the independentvariables(seedmatrix 
 ), we canactually
computethe product 
1�2
 at the costof computing / columnsof 
 . Hence,we candirectly compute/

directionalderivatives.
ThedefaultGradient modulede�nesonederivativeobjectcalledgrad associatedwith eachactivevariable.

grad is an array of �oat values. The array size is �x ed at compile time and is equal to the ad GRADMAX
macrovalue. The usermust de�ne this macroat compile time. The derivative objectof

�

is referencedby
DERIV grad ( 3 ) .

The following setof bindingsis available(speci�ed in thecontrolscript). SeeChapter7 for detailsof the
controlscriptformat.

GRAD INLINE = 4 no,yes5 Theaccumulationloopmaybeeitherinlinedorperformedthroughafunctioncall.

GRAD MAX = 0..n This valuespeci�es the defaultmaximumsizeof the gradientobject. This valuecanbe
overriddenduringthecompilationstage.

GRAD CALL PARAMS = 4 full,lite 5 Thisbindingis notusedcurrently.

GRAD MAX ARITY = 0..n The runtimelibrary thatcomeswith theGradient modulefor handlingpartial
derivative accumulationhasanoptimizedversionfor eachnumberof uniquevariableson theright-hand
side,up to 0 . Beyond that, a general-purposeroutineperformsthe accumulation.The usershouldnot
changethissettingin general.

GRAD NO OPTIMIZE = 4 0,15 Exceptfor debuggingpurposes,thisvalueshouldalwaysbe0.

In orderto computetheJacobian,thefollowingcallsmaybeused:

ad AD SetIndep(var) This call increasesthenumberof independentvariablesby one.It setsthevariablevar
to be the 6 th independentvariable. var may be eitherlocal or global. It also initializes the derivative
objectassociatedwith this variable(e.g.,setsthe 6 th entryof the derivative objectto 1.0 andtherestto
0.0). Theorderof callsto this functionmirrorstheorderof Jacobianvaluesin derivativeobjects.

ad AD SetIndepArray(var, n) Thiscall isusedtosetanarrayof 0 activevariablestobeindependentvariables.
Startingfrom the�rst elementof thearray, eachsucceedingelementis initializedasthenext independent
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variable(e.g.,thederivativeobjectsareinitializedcorrectly).Thenumberof independentvariablesis thus
increasedby 0 .

ad AD SetIndepDone() Thiscall signi�es thatall independentvariableshave beenspeci�ed.

ad AD ResetIndep() Thiscall canbecalledto seta new setof independentvariables.

ad AD ExtractGrad(grad, var) This call extractsthewholeJacobianfrom var andcopiesto grad . grad is
anarrayof inactive �oating-point variables.

In thefollowingexample,we computethe�rst derivativeof variabler with respectto x , y , andz .

#include "ad_deriv.h"

void main()
{

InactiveDouble grad[ad_GRAD_MAX];
DERIV_TYPE x, y, z, r;

ad_AD_Init(ad_GRAD_MAX);

set values of x, y, z;

ad_AD_SetIndep(x); /*variable x is the independent variable 1*/
ad_AD_SetIndep(y); /*variable y is the independent variable 2*/
ad_AD_SetIndep(z); /*variable z is the independent variable 3*/
ad_AD_SetIndepDone(); /*done setting independent variables*/

ad_function(&r, x, y, z); /*invoke the derivative function*/

ad_AD_ExtractGrad(grad, r); /*extract the Jacobian into grad*/

print(grad); /*grad[0] is dr/dx, grad[1] is dr/dy,
grad[2] is dr/dz; print is a user-defined

routine */

ad_AD_Final();
}

5.1 Computation of 798;:

To supporttheinitializationof theseedmatrix, thefollowing routinesareprovided:

ad AD ClearGrad(var) All elementsof thederivativeobjectof var variablearesetto zero.

ad AD SetGrad(grad, var) Thiscall is thecomplementof ad AD ExtractG rad : it initializesthegradientof
var with grad . grad is anarrayof inactive �oating-point variables.

To initialize theseedmatrix 
 with / columns,thefollowingstepscanbeused(weassume0=<>/ , where
0 is thenumberof independentvariables):

1. Call ad AD SetIndep for any setof / independentvariables.

2. Use the above routines(i.e., ad AD ClearGrad,ad AD SetGrad)to resetthe gradientof independent
variablesto the desiredvalues. Eachrow of 
 correspondsto a particulargradientof an independent
variable.

21



In thefollowingexample,wecomputeJacobian*Vector( 
?�A@ , where 
 is avectorand @ is acolumnvector)
resultingin a scalarvalue.

#include "ad_deriv.h"

void main()
{

InactiveDouble grad[ad_GRAD_MAX];
DERIV_TYPE x, y, z, r;

ad_AD_Init(ad_GRAD_MAX);

/* ... set values of x, y, z; ... */

ad_AD_SetIndep(x); /* select any independent variable*/
ad_AD_SetIndepDone(); /* done setting independent variables*/

/* set seed matrix (a vector with all ones)*/
grad[0] = 1.0;
ad_AD_SetGrad(grad, x); /* set row 1*/
ad_AD_SetGrad(grad, y); /* set row 2*/
ad_AD_SetGrad(grad, z); /* set row 3*/

ad_function(&r, x, y, z); /* invoke the derivative function*/

/* extract the Jacobian (really just a value) into grad*/
ad_AD_ExtractGrad(grad, r);

/* ... print grad[0]; ...*/ /* print J*V*/

ad_AD_Final();
}
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Chapter 6

Intrinsic Functions

Two intrinsic functions,max andmin , usuallyarede�ned asmacros.They arenotde�ned in math.h . In order
for ADIC to treatthemasintrinsic functions,the usermustprovide prototypesfor them. The following code
maybeinsertedin thecodeto bedifferentiated:

#undef max /*remove possible macro definitions*/
#undef min
double max(double,double);
double min(double,double);

Sincemin/max canbeusedfor non�oats, insteadof overloadingthesefunctions,fmin/fma x maybeused
instead.Again, theusermustprovide theproperprototypesfor them:

double fmax(double,double);
double fmin(double,double);

Important: The#include directive shouldbe B math.h< ratherthan”math.h”. If thecodeto bedifferen-
tiatedhasbeengeneratedwith f2c or asimilar tool, theincorrectincludedirectivemaybegeneratedandwould
needto be�x edmanuallybeforeapplyingADIC.
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Chapter 7

Using Control Scripts

Controlscriptsaretext �les structuredasaseriesof sections.Eachsectionis headedby asectionnameenclosed
in brackets,followedby asetof controllinescalledbindings.A bindingrepresentsa particularattributethatwe
wish to controlandconsistsof a key anda value. A sectionis endedby a blank line, thebeginningof another
section,or theendof the�le. Controlscriptscanincludeothercontrolscripts.

ADIC de�nes a setof prede�nedsectionsandbindings.In addition,eachmodulecontributesits own setof
bindingsunderasectionnameequivalentto themodulename.Refertoeachmodule'smanualfor thedescription
of its bindings.

The standardADIC distributioncontainsa controlscriptnamedadic.init . This systemscript is always
read�rst duringADIC processing.

In the addition to the global script adic.init, an architecture-speci�ccontrol script for eachplatform is
provided. The namingconvention is adic.init . arch, wherearch is the appropriateplatform name(e.g.,
adic.init.solarisfor the Solarisdistribution). Most commonly, the architecture-speci�ccontrol �les are used
for specifyingpreprocessorbindingsandthelocationof theperl executable.Somesystem-speci�cmacroscan
alsobelistedin the[UNEXPANDED MACROS]section(seeChapter9 for moredetails).

Any user-speci�ed controlscriptsareprocessednext. The bindingsspeci�ed in the user-speci�ed control
scriptsoverridethesamebindingsin theadic.initscriptandtheappropriatearchitecture-speci�cscript.

Thegeneralformatof script�les is

[section1]
key1 [= value]
key2 [= value]

[section2]
key1 [= value]
key2 [= value]

...

Onany line, commentsbegin right afterthesemicolonandarethusignored.A goodway to temporarilydisable
a particularbindingis to put thesemicolonin front of it.

The valueportionof bindingsshouldbe enclosedin doublequoteslike the C stringsif it containsspecial
characterssuchasspacesandsemicolons.Doublequotesin thevaluestringshouldbepre�xedby thebackslash
character. Examples:

24



key = hello
key = "may be"
key2 = "value contains \"quotes\" and semicolons; "

The samesectionmay appearmultiple times. All the bindingsfrom the samesectionwill be collected
together. If thesamebindingkey arerepeated,thelaterbindingwill overridetheearlierones.

In therestof thischapter, wedescribeeachcontrolscriptsection.Thevalid rangeof numericbindingvalues
is indicatedby [begin..end].Somebindingvaluesmayonly takeononeof severalprede�nedvalues.Theresult
is unpredictableif thevalueis notoneof theprede�nedvalues.

7.1 [GENERAL]

This control�le sectioncontainsagrab-bagcollectionof bindingsthataffect theoverall operationof ADIC.

include = string Whenthisbindingis encountered,theprocessingof thecurrentscript�le is suspendedandthe
script�le speci�edby thebindingvalueis processed.Theremaybemultiplesuchincludes.

pre�x = string ADIC prependseachfunctionnamewith a pre�x. This pre�x is alsousedin generatingmost
internalvariablenames.Thedefaultpre�x is ad . Theusermayoverridethedefaultwith thisbinding.If
the userspeci�es the pre�x bindingwithout the value,thenno pre�x is prepended.In thecaseof C++,
the memberfunctionsof a classdo not getchanged(this is unnecessarybecausethe classnamecanbe
changed;seebelow).

var pre�x = string By default,ADIC doesnot changevariablenames.In thatcasetheoriginal functionand
the derivative-enhancedversioncannotbe usedwithin the samescope,sinceADIC changesthe typeof
activevariables,thuscausingtypecon�icts. To avoid this,theusermayde�ne avar pre�x binding,which
wouldbeusedto prependall variablenamesin thedifferentiatedcode.

type pre�x = string Type namessuchasa typedef name,struct/uniontagnames,andC++ classnamemay
be prependedwith a pre�x. For C++, in orderto distinguishbetweenthe original classandthe ADIC-
processedclass,theusershouldspecifythis binding. The defaultis no pre�x, which in somecasesmay
causetypecon�icts (seeexplanationfor var pre�x).

aif version = 10..n ADIC implementsthe AIF interfaceusedby plug-in modules. As AIF evolves, they are
assigneddifferentversionnumbers.ADIC noti�es themodulethe latestAIF versionthat it cansupport.
However, if thisbindingis present,it will overridethisinternalvalue.This line is usedfor testingdifferent
versionsof plug-inmodules.Normally, theuserwouldnotneedto modify thisbinding.

order = 0..n Eachderivative modulehasa default derivative order. In many cases,eachmodulemay sup-
port only a singleorder. For example,the Gradient modulesupportsonly �rst-order derivatives. The
Hessian modulesupports�rst- andsecond-orderderivativesdefaultingto secondorder. The usermay
overridethedefaultvaluewith thisbinding.Otherderivativemodulesmaygeneratedifferentorderderiva-
tives.

include dir = string The binding value speci�es a list of directoriesto be searchedfor included�les. The
directoriesareseparatedby eithercolonsor commas.Thesedirectoriesaresearchedbeforethestandard
directories.
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7.2 [MODULES]

This control�le sectioncontainsthespeci�cationof all theavailableplug-inmodules.This sectionis listedin
thesystemscript�le. Theusernormallydoesnotneedto dealwith thissectionexceptwhenmanuallyinstalling
plug-ins.Eachbindinghasthefollowing format:

name = type,order,filepath

Thenameidenti�es aparticularmoduleandhencemustbeunique.In particular, thisnameis usedto specify
a particularmodulein theADIC commandline. Modulesalsomaybeembeddedinto ADIC. Makecertainthat
thenamesof internalmodulesdonotcon�ict with externalmodulenames.To seethelist of bothembeddedand
externalmodulenames,invokeADIC withoutany argument.Thetype �eld speci�esthetypeof modules.The
derivativemodulehasthevaluederiv; theremaybedifferenttypesof modules.Theorder speci�esthedefault
derivativeorderfor themodule.Theusershouldnotnormallychangethisvalue.The�lepath tells the�le path
of themodule.Thedirectorypartof thepathmaybeeitherrelative to theADIC directoryor anabsolutepathin
whichcaseit mustbegin with a '/'.

Example:

[MODULES]
Gradient = deriv,1,bin/solaris/gradient
Hessian = deriv,2,/home/me/Hessian/hessian

The install processfor a new plug-in usuallysetsthe correctbindingautomaticallyin the systemcontrol
script.

7.3 [INACTIVE FUNCTIONS]

ADIC normallyconsidersall functionsto be active. Theusercanspecifycertainfunctionsto be inactive (i.e.,
noderivativecomputationsareto beperformednorany datastructurebechanged)by listing thefunctionnames
in this section. This will alsoprevent the namechange. Normally, whenan inactive function de�nition is
encountered,ADIC will notrecreatethebody(sinceit isalreadyde�nedin theoriginalsourcewhichpresumably
will be linked together),but ratheronly theprototypeis generatedat thepointof thede�nition. However, this
is not suf�cient for staticfunctionsastheoriginalstaticfunctionwill not bevisible to thegeneratedderivative
sourceandhencethe compilerwill producean error. As anotheroption,theusercanspecifythat theoriginal
de�nition berecreated.

ADIC normally considersfunctionsdeclaredwithin systemheadersto be inactive (this however can be
overridden).

Example:

[INACTIVE_FUNCTIONS]
creat
open
close
write
printf

The defaultsystemcontrol script includesa numberof thesefunctionnames(suchas creat ). Although
mostof thesefunctionsarestandardlibrary functions,many programsdo not containthe properheadersthat
declarethem.Therefore,ADIC considersthemto beregularfunctionsandwill changethefunctionnames.To
preventthis,we have listedcommonlibrary functionsin thesystemscript.
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7.4 [NO PREFIX FUNCTIONS]

In somecases,theusermaywish to preventcertainfunctionnames,whetheractive or not, from beingpre�xed,
for example:

[NO_PREFIX_FUNCTIONS]
main

The defaultsystemcontrol script includesone function, namelymain , which doesnot get pre�xed (the
functionitself maybeactive).

7.5 [ACTIVE FUNCTIONS]

It maybeusefulin somecasesto notify ADIC to treatcertainfunctionsasif they wereactive. As anexample,
theusermayhave de�ned its own atof functionthatshouldbetreatedasa normalfunctionby ADIC. The list
in theexamplebelow overridestheINACTIVE FUNCTIONSlist andany functionsdeclaredin systemheaders.

Example:

[ACTIVE_FUNCTIONS]
atof

7.6 [INACTIVE VARIABLES]

ADIC normallyconsidersall �oating-point variablesto be active. The usercanspecify, however, that certain
globalvariablesareto bemadeinactive by listing their namesin this section.This will alsopreventany name
change.

Example:

[INACTIVE_VARIABLES]
var1
var2

7.7 [INACTIVE TYPES]

A type is consideredactive if it is equivalent to a �oating-point type (e.g., de�ned with a typedef from a
�oating-point type)or containsa subtypethat is active (e.g.,a structurecontaininga �oat type). Theusercan,
however, explicitly specifycertaintypenamesasinactive by listing themunderthis section.Inactive typesdo
not get modi�ed. Variablesof an inactive type are consideredinactive. All the componentsof a compound
inactive type(e.g.,a struct)arealsoconsideredinactive.

Example:

[INACTIVE_TYPES]
mydouble
myStructType

ADIC prede�nestwo inactive types,InactiveD ouble andInactiveF lo at , thataretypedef ed to dou-
ble andfloat , respectively. They maybeusedto declareinactive variablesin usercode.
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7.8 [INTRINSIC CONTROL]

Theentriesin thiscontrol�le sectioncontrolsthebehavior of intrinsicfunctionhandling.

reporting = verbose,reportonce,counting,terse,perf ormance When an �oating-point exceptionoccursdur-
ing derivative computationof an intrinsic function, this binding speci�es how the exceptionshouldbe
reported.Theperforman ce modeturnsoff checkingfor many of thepossibleexceptionconditionsand
performsa defaultaction(e.g.,reportonce).

7.9 [INTRINSIC FUNCTIONS]

The namesof supportedintrinsic functionsare listed underthis section. The defaultsystemscript containsa
standardsetof intrinsic functionsthat it currentlysupports.Normally, nothinghereshouldbe changed,unless
theuserhasaddedsupportfor new intrinsics.

Example:

[INTRINSIC_FUNCTIONS]
log
sqrt
cos
sin

7.10 [DEFINES]

In orderto processsource�les, all C macrosmustbeproperlyde�ned. C macrode�nitions canbelistedeither
underthis sectionor on the command-linewith the -D �ag. The generatedcodedoesnot containany macros
otherthanthosethatareexplicitly speci�ed(seethenext section).

Example:

[DEFINES]
DEBUG
MAX_SIZE = 20

7.11 [UNEXPANDEDMACROS]

In orderto preventcertainmacrosfrom beingexpandedby thepreprocessor, their namesmay beaddedunder
thissection.SeeChapter9 for furtherdetailsandthemotivationbehindthisoption.

Example:

[UNEXPANDED_MACROS]
putc
getc

7.12 [SOURCEFILES]

The setof source�les to beprocessedcanbe listedeitherunderthissectionor on thecommandline. The �rst
sourceis consideredthe“master” �le andwill containthede�nitions of specialfunctions(e.g,ad AD Init() ).

Example:
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[SOURCE_FILES]
source1.c
source2.c
header1.h

7.13 [STANDARDINCLUDES]

Certainuserheader�les have propertiessimilar to thoseof systemheader�les. Examplesarecommonnon-
numericlibrary headers,suchasmpi.h . Theusercannotify ADIC to treatcertainheader�les assystemheader
�les by listing themunderthissection.

Example:

[STANDARD_INCLUDES]
mpi.h

7.14 [NO INLINE INCLUDES]

If theinlining of userheadersoptionis chosen(this is thedefault),thenall userheadersareinlined. To prevent
certainheadersfrom beinginlined,theusercanlist themunderthissection.

Example:

[NO_INLINE_INCLUDES]
portable.h

7.15 DerivativeModules

Eachmodulecanhave a sectionthathasthesamenameasthemodulenameunderwhich it de�nes its own set
of bindings.If amodulede�nesany bindings,its manualspeci�esthevalid valuesof thesebindings.
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Chapter 8

Building ADIC-Generated Derivative
Code

In orderto integratethederivativecodeintoalargersystemor to turnit intoastandaloneprogram,anappropriate
drivermustbewritten.

All �oating-point variablesareconvertedinto theDERIV TYPEunlessthey have beenlistedasinactive in a
controlscriptor havebeendeclaredasInactiveD oubl e or Inactive Fl oat . In general,theDERIV TYPEwill
beastructuretype.The“value”of anactivevariable

�

is referencedby DERIV val( 3 ) . Eachderivativemodule
de�nesoneor morenamedderivativeobjectsassociatedwith eachactivevariable.A particularderivativeobject
of anactivevariable

�

is accessedby DERIV name( 3 ) wherenamespeci�esthenameof theparticularderivative
object.

A typicalprocessin writing thedriver involvesthefollowing:

1. Declareall input �oating-point variablesto bereferencedby thederivative function(eitherasparameters
or asglobals)astypeDERIV TYPE.

2. To initialize a variable
�

to value2.0,use

DERIV_val(x) = 2.0;

3. Call the initialization functiongeneratedby ADIC, typically calledad AD Init() (theactualnamede-
pendson thepre�x string).

4. Specifyindependentvariables,andinitialize them.Theexactproceduredependson theparticularderiva-
tivemoduleto beused.

5. Invokethederivative function(s).

6. Extractthederivativevalues.Theexactprocedurealsodependsontheparticularderivativemodulechosen.

7. Call the �nalization functiongeneratedby ADIC, typically calledad AD Final() (theactualnamede-
pendson thepre�x string).

In the following example,we compileandlink two �les, func.ad. c anddriver.c . We generatedthe
derivativesusingtheGradient module.We alsosetthemaximumnumberof independentvariablesto 5.
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% gcc -I$(ADIC)/include -Dad_GRAD_MAX=5-c func.ad.c driver.c
% gcc -o program func.ad.o driver.o -L$(ADIC)/lib/$(ADIC_ARCH)

-lGradient -lADIntrinsics-C -lm
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Chapter 9

Handling C PreprocessorDir ectivesand
Macros

The C preprocessingfacility allows macrosanddirectivesto be de�ned. The portability and �e xibility of C
programsderive in part from this preprocessingfacility. However, a translatortypically seesthe sourceonly
after it hasbeenrun throughthepreprocessor, convertingit into legal ANSI-C translationunits,which thencan
becorrectlyparsed.Hence,any preprocessordirectivesandmacronameswill belost in thetranslatedsource.In
mostinstances,noproblemsresult.However, someof theportabilityand�e xibility providedby thepreprocessor
facility arelost. Theareaswherethis losscanoccurareexaminedbelow:

� Preprocessorconditionaldirectives are usedto selectively includeor leave out groupsof lines within
source�les at compiletime. However, this decisionmustbe madeat the time of translationratherthan
bedeferreduntil thecompiletimeof thetranslatedsource.Thedirectivesareoftenusedfor debuggingor
handlingsectionsof thesourcethataremachinespeci�c.

� #include directives are usedto include the contentsof the standardor userheader�les. Since the
implementationof thestandardheadersis systemspeci�c, theircontentsarenotportableacrossmachines
in general.

� A macrocan representany text. A functionlike macrocan also takearguments,performingargument
substitutionsduring the preprocessingstage. Wherever the macronameoccursin the source,it gets
expanded.The expansionof macrosdoesnot presentany problemif the translatedsourceis compiled
on thesamesystem.However, theexpandedmacrosmaynotbeportableacrossmachinesor evenacross
compilers. For example,someof the macrosde�ned in the standardheadersaresystem-dependent.In
fact,anamemaybedeclareddifferentlydependingonthesystem.A typicalexampleis FILE , declaredin
stdio.h standardheader�le. It is amacronamein SunOSbut a typedef namein HPUX.

To dealwith thesepotentialproblemareas,ADIC performsa numberof stepsto ensuremoreportabilityof
theaugmentedsource.ADIC hasa preprocessingstagethat“pre-treats”thesourcebeforeit is run throughthe
C preprocessorandsenton to theparsingstage.

� ADIC must be run separatelyfor eachdesiredchoiceof conditionaldirectives. To ensurethat the C
preprocessorwill selectthe appropriatetext block, propermacrovaluescanbe passedto ADIC, which
will in turnpassthemon to thepreprocessor. Macrovaluesmaybespeci�edeithervia thecontrol�le or
throughacommand-lineoption.
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In the following example,theoriginalsourcecaneithercountup or countdown dependingon thevalue
of theCOUNTMODEmacro.

#if COUNT_MODE
for (i = 0; i < n; i++) { //count up

#else
for (i = n-1; i >= 0; i--) { //count down

#endif
func(i, k);

}

We mustpushforward thechoiceof valuefor COUNTMODEto the translationstageby usingthecontrol
�le segment:

[DEFINES]
COUNT_MODE= 1

or via thecommand-lineoption:

% adiC -v -d gradient -D COUNT_MODE=1source.c

� To handlethe#include directiveproblem,ADIC marksthelocationsof any includedtext andstoresthe
namesof theoriginalheader�les. WhenADIC is generatingtheaugmentedsource,theentirecontentsof
thestandardheadersarereplacedwith theoriginaldirectives.

In thecaseof userheaders,in mostcases,it is notnecessaryto reconstructtheoriginal#include direc-
tivessinceit is assumedthattheuserheadersarewritten in a portablefashion.However, theusercould
specifya commandline option (-u ), which will perform the reconstruction,with onedifference. The
reconstructed#include directive is changedto includethe augmentedheader�le, usingthe standard
namingscheme.For example,namesarechangedasfollows:

#include "myinclude.h" => #include "myinclude.ad.h"
#include "commoncode.c" => #include "commoncode.ad.c"

With the-u option,theheader�les mustbeprocessedseparatelybyADIC. Withoutthisoption,theheader
�les neednotbeprocessedby ADIC.

� In order to prevent expansionof certainmacros,the ADIC preprocessingstagecan either remove the
macrode�nition if de�ned within a userinclude(whenthe -u optionis used)or unde�ne it immediately
after its de�nition in a standardheader. Hence,theC preprocessorwill not seethemacrode�nition and
thuswill not expandthe macrousedin thesource.To turn the macronameinto a syntacticallyvalid C
construct,theuserhastospecifyasuitablereplacementde�nition (e.g.,avariabledeclarationorafunction
prototype).

The list of unexpandedmacronamesalong with their replacementde�nitions can be speci�ed in the
control �le underthe UNEXPANDED MACROSsection. The replacementde�nition doesnot needto make
semanticsense,theonly requirementis that it canbeparsedcorrectly. For example,supposeMYMAXis
de�ned in termsof DBL MAX, whichis asystem-dependentmaximumdouble-precision�oat value(de�ned
in thestandardheaderfloat.h ):

#define MY_MAX DBL_MAX/2.0
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To preserve thisnamewherever it isusedinsteadof expandingit into theactualnumber(sinceDBL MAX
will getexpandedalso),thefollowingbindingcanbeadded:

[UNEXPANDED_MACROS]
MY_MAX = [static double MY_MAX;]

In essencewe aremoving MYMAXde�ned in themacronamespaceinto a static�oating-point variablein
theC namespace.It is importantthatwe turn it into a variableratherthana constant,sinceADIC might
optimizea constantaway.

As anotherexample,a functionlikemacrocanbehandledasfollows:

[UNEXPANDED_MACROS]
getc = [extern int getc(FILE*);]

In this fashionwe turn the getc() macro(de�ned in stdio.h ) into a functionprototypedeclaration.
Actually, for ANSI-C sourceprocessing(but not for C++), no argumentinformationneedbe provided.
Hence,thefollowingworksjustaswell:

[UNEXPANDED_MACROS]
getc = [extern int getc();]

To handlea macrothatrepresentsa type,wecando thefollowing:

[UNEXPANDED_MACROS]
FILE = [typedef struct _iobuf FILE;]

If theuserdoesnothave an ideaaboutwhata properde�nition shouldbe,theusercanmanuallyrun the
sourcethroughtheCpreprocessor(e.g.,cpp ) andchecktheexpansion,thenmaketheappropriatebinding.

A potentialproblemcanoccurby unde�ning macros.In someoldersystems,thede�nition of a macrois
usedto determinewhethera standardheaderhasalreadybeenincludedor not. If thatmacrois the one
unde�ned,thentheheadermaybe includedagain,causingmultiplede�nition con�icts. For example,on
BSD, the de�nition of FILE is checkedto determinewhetherstdio.h hasalreadybeenincluded. To
preventthis from happening,thepreprocessingstagewill keeptrackof encounteredstandardheadersand
will ensurethatit is not includedtwice.
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Chapter 10

Controlling Naming

Theoriginalsourcedeclaresnames(identi�ers) in variousnamespaces.Typicalnamesmaybefunction,variable,
or typenames.In theprocessof augmentation,thesemanticsof thesenamesarechanged.For example,double
variablemaybechangedintoDERIV TYPEvariable.In othercases,thesemanticsremainthesame;for example,
an int variableis unchanged.A con�ict may occurif theoriginal sourceandtheaugmentedsourceareused
(e.g.,linked)togethercausingsemanticor syntacticcon�icts.

To handlethesecon�icts, namesmay besystematicallychangedby prependingthemwith a certainpre�x.
Dependingon thetypeof names,weneedto handlethemdifferently:

� Functionnames:Eachderivative enhancedfunctionmusthave its namechangedif theoriginal function
is alsoto be usedin the sameprogram.The defaultsolutionadoptedby ADIC is to alwaysprependall
occurrencesof functionnames(bothuseandde�nition) with the pre�x. The pre�x is controlledby the
prefix binding.Therearetwo exceptionsto pre�xing functionnames.First, in thecaseof thestandard
library routines,the namesshouldnot be changed.Sincewe cannoteasilyknow the namesof all the
standardlibrary routines,we storethenamesof all library routinesdeclaredinsideany standardheader
includedin the source. Whenever sucha nameis encountered,the function is consideredinactive and
henceits namedoesnot get modi�ed. Second,the calls to standardmath library routinesarehandled
specially. Thenamesof thestandardmathroutinesarelistedin thecontrolscript�le.

� Typedefs:Typedefsareeffectively analiasof someothertype,a shorthandfor a typecomposition.If the
basetype containsa �oat type somewhere,thenwe may wish to changethe name. The type prefix
bindingmaybeusedto attacha pre�x to all typenames.

� structs,unions,and classes:Structandunion tag namescanalsobe attachedwith a pre�x throughthe
type prefix binding.

� C++ Methods:Sinceclassmethodsaredeclaredwith respectto a particularclass,theseneednot and
shouldnotchange,especiallytheoverloadedoperators.

� Variablenames:Only globalvariablesneedto bechanged,andonly if boththeoriginalandthederivative
functionsareto beusedin thesameprogram.Thepre�x is controlledby var prefix binding.

All identi�ers declaredinsidestandardheadersshouldnotbechanged,sincethederivativecodewill include
thesamestandardheaders.In thecaseof externalnumericallibrariessuchastheBLAS, eitherthesourcemust
be availableto berun throughADIC or thedifferentiatedversionmustbe available. In futureversions,ADIC
distributionsmayincludethederivative-enhancedversionsof popularnumericallibraries.
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Chapter 11

Handling Intrinsic Calls

Invokinganintrinsic functionthrougha functionpointermaycauseproblems,sinceall intrinsic functionsmust
behandledspeciallyandreplacedby a speci�c sectionof code.Theproblemarisesfrom thelack of anaddress
associatedwith thissectionof code.

The solutionis to createa wrapperfunction that calls the intrinsic function. Whenever an addressof an
intrinsic functionis taken,it shouldbechangedinto theaddressof thecorrespondingwrapperfunction.

Eventually, ADIC will automaticallyperformthisstep.For now, theusermustdo thisstepmanually.
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Chapter 12

AdvancedControl

This sectionis for advancedusers.Ourcurrentfocusis onguardingglobaldeclarations.
Globaldeclarationssuchasenums,andany typedefs/variables/structsdeclaredas inactive canbe guarded

by ADIC-generatedunique#ifdef directives.Thisalsoobviatestheneedfor changingtheenumvalues.
To generateguards,specifythe�ag -g wheninvokingadiC.
Theguardwill beaddedonly to header�les; it doesn't makesenseto guardthegeneratedsourcecode.To

determinewhethera�le is aheaderor not,ADIC usesthesuf�x name.Theheader�lename musthave thesuf�x
.h or .H.

The guardmacrois distinct for eachheader�le; otherwisetheusermustincludeoriginalheadersfor each
differentiatedheaderincludedeven if the usermay be interestedin usingonly one of the original headers.
A biggerproblemis that differentmakerulesmustbe addedfor usercodesthat includethe original andthe
differentiatedheaders,andfor ADIC-generatedcodethat includesonly the differentiatedcode. To solve this
problemandtheextra hassleof keepingtrackof which macrosto de�ne, ADIC usesthefact thatmostheaders
haveguardsthemselves;thesesameguardsareusedfor ourpurposeaswell. Thenamingschemeof theseguards
is usuallybasedon somerule (e.g., basenamesuf�x ). The usercanspecifythis typeof rule in thecontrol
scriptusinga printf-like formatstring.

[GENERAL]
guard = __%b_%s__ ;(generates the above rule)
guard = __%B_%S__ ;(generates the above rule with uppercasing

;the letters)

%b -- base name ( e.g., xx in xx.yy, and x.y in x.y.z )
%s -- suffix ( yy in xx.yy, and z in x.y.z )
%B -- uppercased base name
%S -- uppercased suffix name

Output�lename generationrule: The �lename generationrule usesthe sameformat string as the guard
format.

[GENERAL]
filename_trans = %b.ad.%s ;(the default rule)
filename_trans = ad_%b.%s ;(generates what the user wants)
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Chapter 13

Troubleshooting

In thissection,potentialproblemsarediscussedandpossiblesolutionsoffered:

� If (supported)intrinsicfunctioncallswith thepre�x (e.g.,ad sin ) aregenerated,theusermustmakesure
thatmath.h is includedusinganglebrackets.

� If thecollectionof source�les is too large,ADIC will notbeableto handlethemdueto lack of memory.
In thiscase,theusermustinvokeADIC separatelyfor eachsource.

� If multiple de�nitions aregeneratedafter processingeachsourceseparately, theusermustmakesureto
use-t optionfor all sourcesexceptone.

� ADIC tries to ensurethatany functionreferencedin thesourceandis declaredwithin standardheaders
doesnotgetprependedwith thepre�x. However, it is possiblethatsomefunctiongetspre�xed(especially
whenonlya partialor noprototypeinfo is given).Whenthisoccurs,theusermustmanuallyput thename
of the function in the INACTIVE FUNCTIONSsection. This problemusuallyoccurswhenmany source
�les areprocessedtogether.

� ADIC expands/processesall macrosduringderivative generation,unlessthosemacrosarespeci�ed un-
der the UNEXPANDED MACROSsection. If the sourcecontainsC preprocessordirectivessuch#if de-
fined(XXX ) andthesemacrosarede�ned throughthecompilercommand-linearguments,theusermust
makesureto de�ne thepropermacrode�nition eitherthroughADIC command-lineor throughthecontrol
scripts.If themacrode�nitions change,ADIC wouldneedto berunagain.

� Whentestingnew modules,theusermustmakesurethecorrespondingcontrolsectionassociatedwith the
new moduleis setupcorrectly.
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Chapter 14

Known Problems

In thissection,known problemsandpossibleworkaroundsarediscussed:

� In C++ mode,the parserdoesnot recognizethe external languagespeci�er “C++”. This problemwill
breaksomestandardC++ headerssuchas iostream. h. Also, defaultargumentscannotbehandled.No
workaround.

� In ANSI C, goto labelshave functionscope.ADIC expectsgoto label namesto be uniquewithin each
translationunit.

� Currently, C++ keywordssuchasnew anddelete arerecognizedasreservedtokensevenwhenprocess-
ing C �les. Hence,makesurethesenamesarenotused.

ChecktheADIC websitefor a morecurrentlist of problemsandworkarounds.
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